Diversos derivados de Cinchona foram testados como carregadores quirais móveis, para o transporte enantiosseletivo de D,L-fenilglicina e D,L-fenilalanina, através de uma membrana líquida orgânica volumosa (MLV). Os efeitos de vários parâmetros, como natureza do carregador, concentrações do solvente na membrana, do tampão, do soluto e do carregador, no enriquecimento quiral da MLV, foram avaliados. Somente a D,L-fenilglicina foi sujeita, em certo grau, ao transporte enantiosseletivo; a razão máxima de enantiosseletividade (as taxas de transporte iniciais do enantiômero L relativo ao antípoda) foi obtida empregando brometo de O-alil-N-(9-antracenilmetil) cinchonidínio como carregador. Em todos os casos, a seletividade mais alta foi observada durante os estágios iniciais do processo, indicando a taxa de aminoácido liberada da fase fonte (FF) para a fase orgânica da membrana (FM), como fator dirigente. O enriquecimento quiral pareceu depender mais de fatores termodinâmicos do que dos cinéticos, uma vez que a formação do complexo foi observada na interface (FF)/FM), enquanto a decomposição do complexo foi evidenciada na interface (FR)/(FM), onde FR é a fase receptora. O último fenômeno foi promovido pela presença de íons H + na FR.
Introduction
Industrial scale production of pure enantiomers may be achieved either by direct synthesis or by resolution of a racemic mixture. The last strategy is now the most popular mode as highlighted by the fact that 65% of all non natural enantiomeric drugs are made by resolution of racemic compounds.
The most used resolution methods are crystallisation and chromatography but both suffer from high capital costs. In the first method, high amounts of chiral reagent are requested, while in the second one, the dilution of the product requires a successive removal of solvent.
In the last few decades an increasing interest has been focused on the industrial scale applications of liquid-liquid extraction technologies for separative purposes. That is mainly due to the availability of hollow fibre membrane contactor devices. Those apparatuses achieve an efficient liquid-liquid mass transfer by passing the fluids on opposite sides through a microporous support without dispersion of one phase within another, and they offer a number of advantages over the conventional liquid/liquid extraction technique. 1 In this context, two modules integrated membrane processes are of particular interest: in the first module the solution containing the mixture to be separated is the source phase in contact with the solution containing a selective carrier (membrane phase, MP), while in the second module the MP is in contact with the receiving solution. The analytes are carried from the source phase (SP) to the receiving phase (RP), which are generally both aqueous solutions, passing through the MP, which is immiscible with the other liquid phases. In this way, membrane phase remains stable and the separation may be accomplished by analytes concentration process. In addition, these techniques are suitable for a wide range of applications as a number of different carriers and solvents may be used. [2] [3] [4] [5] [6] The optimization of many experimental conditions (such as the choice of selective membrane solution and chemical composition of source and receiving phases) may be performed by very inexpensive and simple bulk liquid membrane (BLM) experiments, constituted by a U-shaped transport cell. In this case, a relatively thick layer of immiscible fluid is used to separate the source and receiving phases. There is no means of support for the membrane phase, that is kept apart from the external ones simply due to its immiscibility. Consequently, the transfer efficiency is usually very low (due to the small SP/MP and MP/RP contact surfaces), but the mass transfer processes are very similar to those occurring in contactor modules. Indeed, porous supports used to avoid dispersion of phases have been demonstrated to have no effect on partition coefficients. 7 A recent development in liquid membranes is the insertion of a chiral carrier within the membrane phase, to favour the enantioselective transport of the analytes. [8] [9] [10] [11] Since this discovery, membrane contactors became a very promising technology, easily transferable from laboratory to industrial scale, even though a further effort has to be focused on new selective carriers. In a previous work, the use of cinchonidine for enantiomeric enrichment of phenylalanine and phenylglycine has been investigated. 12 The obtained results have encouraged further investigation on using cinchona derivatives as carriers.
Cinchona alkaloids are commercially available and represent an interesting group of organic compounds, widely used as resolving agents for chiral acids, 13 N-derivatized amino acid, 14 binaphtols, 15 oligopeptides. 16 Structurally, they consist of a planar quinoline and rigid quinuclidine rings, which are connected by a secondary methyl alcohol bridge. Conformational flexibility is available only for the torsions of C 8 -C 9 and C 9 -C 4 bonds (see Figure 1) . As a whole, these molecules could be viewed as semi rigid frameworks, which make them promising as chiral carriers in liquid membrane transport. The arrangements of the five stereogenic centres within the cinchonine and cinchonidine molecules (at position 1, 3, 4, 8, 9) might provide an excellent basis for effective chiral recognition. Cinchonine and cinchonidine have N1, C3, C4 with identical configuration (1S, 3R, 4S) while C8/C9 have opposite configurations. Although they are diastereomers, they are often termed "pseudoenantiomers" as it is observed that the configuration of C8/ C9 is predominantly responsible for molecular recognition of chiral compounds. 17, 18 In this paper, we report the results of the enantioselective transport of D,L-phenylglycine and D,L-phenylalanine across a bulk liquid chloroform membrane by means of different commercial cinchona derivatives as carriers, selected in order to study the influence of their structure and nature on enantioselective transport ability. Some quaternary ammonium salts (selectors 4-7) have been included among the investigated cinchona alkaloids, in order to evaluate the contribution of ion-pair interaction in the analyte-carrier complex formation, which is supposed to be predominant over the other interactions. In addition, they are "tuned" with various electronwithdrawing groups, in order to enhance their positive charge and possibly even to provide additional steric enhancement. So quinine (selector 1), cinchonidine (2), hydroquinidine-3,4-methyl-2-quinolyl ether (3) , N-benzylcinchonidinium bromide (4), O-allyl-N-(9-anthracenylmethyl)cinchonidinium bromide (5) , N-(4-trifluoromethylbenzyl)cinchonidinium bromide (6) , N-(9-anthracenylmethyl)cinchonidinium chloride (7) are examined. Moreover, the influence of membrane solvent nature on the enantiotransport of D,Lphenylglicine is investigated, employing some dichloro organic solvents, like dichloromethane, 1,2-dichloroethane and 1,4-dichlorobutane. 
Experimental

Procedure for the enantioselective transport
This study was carried out applying the bulk liquid membrane (BLM) technique using six "U" glass membranes (i.d. 25 mm; height of each arm 6 cm), properly designed and always working in parallel. In this way, the dependence on temperature in each series of experiments may be neglected. Membrane phases were stirred at a same constant rate by a magnetic 15 place multi-stirrer (VELP Scientifica, Italy).
Source phases containing the racemic 10 mmol L -1 D,L-amino acid mixture and the receiving phase are in phosphate buffer, at different pH and concentration depending on the examined carrier. In the case of cationic carriers: (N-benzylcinchonidinium bromide, O-allyl-N-(9-anthracenylmethyl)cinchonidinium bromide, N-(4-trifluoromethylbenzyl)cinchonidinium bromide, N-(9-anthracenylmethyl)cinchonidinium chloride) an alkaline source phase (pH 11) is employed, while the receiving phase is maintained at pH 3, so that the protonation mechanism of amino acid allows an efficient release of the enantiomer at the membrane/receiving interface. In the case of neutral carriers, SP is maintained close to the isoelectric point of the corresponding amino acid, which represents the value of their highest solubility in apolar membrane solvents, while the receiving phase pH is fixed to 7. These optimal pH values were obtained in our precedent study 
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The effect of phosphate concentration in the range 10-100 mmol L -1 is investigated. Membrane phases are prepared dissolving the carriers in 20 mL of water-insoluble organic solvents. Different carrier concentrations and organic solvents nature are investigated.
In all cases, the amino acid transport across a membrane phase in the absence of carrier is checked, always obtaining a negligible transport compared to the facilitated one.
Results and Discussion
In each experiment, 60 μL samples were withdrawn from the aqueous source and the receiving phases at fixed intervals, in order to allow the determination of transported enantiomers amount. The data collected from each experiment were treated as previously reported. 12 
Influence of buffer concentration
The effect of buffer concentration on D,L-phenylglycine facilitated transport is investigated on two systems that use a neutral carrier (selector 1) and a ionic one (selector 6). The phosphate buffer concentrations of both source and receiving phases are varied in the range 10-100 mmol L -1 . In order to avoid the presence of a concentration gradient, the same initial concentration is always employed in source and receiving solutions. Concentrations below 10 mmol L -1 are excluded, because of their low buffering capacity, while values over 100 mmol L -1 are not considered as they caused a loss in enantioselectivity. Results reported in Figure 2 are shown in terms of J/J max % ratio, where J is the enantiomeric flux and J max its maximum value in the considered series of experiments. The increase of phosphate concentration leads to an increase of transport across the membranes in all the examined systems. This is probably due to the increase of ionic strength, which influences the solubility and amino acid solvation. A different effect on the enantioselectivity is instead observed for the two membrane systems. As shown in Figure 2 , neutral carrier (selector 1) gives no enantiomeric enrichment in the whole explored range, while the quaternary ammonium salt (selector 6) shows a decrease of the enantioselectivity with the increase of buffer concentration. This is probably due to the counter transport mechanism of phosphate ions, whose relevance, increasing with [phosphate], influences the complexation/ decomplexation mechanism of ion pair diastereomeric adducts without showing selectivity.
Influence of carrier concentration
The effect of carrier concentration in the membrane phase is studied for all the examined systems on both transport rate and enantioselectivity of D,L-phenylglycine. Figure 3 shows, with the only exception of selector 7, that transport rate tends to increase with the carrier concentration. In the case of selector 7, a slight decrease of transport rate is observed with the increase of concentration. This effect is probably due to a decrease in the diffusion coefficients of the complex in the MP. In fact, an increase of MP viscosity is qualitatively observed at [selector 7] > 20 mmol L -1 . Furthermore cationic carriers produce higher transport rates than the neutral ones, as expected. The only exception is selector 5 that furnishes very low transport rates due to its higher steric hindrance, which reflects in a weaker interaction with the analyte. This topic will be discussed in detail in the following sections. Regarding the enantioselectivity (Figure 4 ), a behaviour depending on chiral selector nature is evidenced. In the case of the three cationic carriers ) confirming the importance of a steric interaction for the discriminatory process. In the case of neutral carriers, cinchonidine and quinine present enantiomeric ratio invariably lower than 1, while selectors 3 and 4 do not provide any enantioselectivity.
Influence of membrane solvent
Membrane solvent properties influence formation and diffusion of diastereomeric complexes and a remarkable influence on transport efficiency and selectivity is then expected. To put into evidence these effects, a study on D,L-phenylglycine transport across a membrane in various chloroform/dichlorurate mixtures is undertaken. Dichloromethane, 1,2-dichloroethane and 1,4-dichlorobutane are mixed with chloroform at ratio 90/10 (v/v). The addition of chloroform is necessary to reach a sufficient solubility of the carrier. In these experiments, O-allyl-N-(9-anthracenylmethyl) cinchonidinium bromide was chosen as carrier, since it was the most selective carrier. In Table 1 some chemical properties of the pure examined solvents are resumed and in Figure  5 α values (left axis) and J/J max % values (right axis) as a function of solvent polarity (expressed as dipolar moment) are reported. Regarding the effect of solvent polarity on the flux of the single enantiomer, a non-linear trend appeared, indicating that different processes are implicated and that they are differently influenced by this parameter. Anyway, in the working conditions, the adduct dissociation at the MP/ RP interfaces is strongly favoured, 19 so the mass transport efficiency is mainly influenced by the adduct formation at the SP/MP interface and by the diffusion coefficient in the membrane phase. It is well-known that adduct formation process is mainly dependent on the strength of analyte-carrier interaction, so that the solvents with a low dipolar moment favour the analyte-carrier ion pair interaction, but present scarce efficiency in the solvation of the formed adduct. On the contrary, a high dipolar moment of the solvent provides a good efficient adduct solvation, but hampers ionic and dipolar analyte-carrier interactions. In relation of the adduct diffusion coefficient, it is highly dependent on the membrane viscosity and again on the solvation sphere. Thus, the maxima transport rate values for both the enantiomers are shown by the solvents with the lower viscosity: dichloromethane and chloroform. Dipolar moment influences the adduct formation and regulates enantioselectivity, as evidenced in Figure 5 by the linear decrease of α as a function of the pure solvent dipolar moment shown.
Enantioselective process of phenylglycine
The study was performed at the optimal conditions previously determined: chloroform as membrane solvent; phosphate buffer 10 mmol L -1 and carrier concentration 30 mmol L -1 . Selectors 5, 6, 7, which showed an enantioselective transport towards the D,L-phenylglycine were employed.
In Figure 6 it is reported the time pattern of percentage mass distribution of D-and L-phenylglycine in the source, receiving and membrane phases in the presence of selector 5. Membrane phase concentrations were determined by the difference from measured ones in the source and in the receiving phases. In the first 200 min the amount of the enantiomers in the receiving phase linearly increases, while it decreases in the source phase. The L-enantiomer was faster transferred from the source to the membrane phase, indicating that its structure is more suitable to the interaction with the carrier, and consequently this species is more enriched in the receiving phase. This fact clearly indicates that the rate determining step is the transfer of the enantiomer at the interface between source and chloroform phases. The amount of amino acid in the membrane phase revealed that at the beginning the transport rate at the interface SP-MP is higher than that at the interface (MP)/(RP), later they were inverted probably because of the L-species decrease in the source phase.
Successively, in order to characterize the enantioselective capability of the carriers, the enantiomeric excesses (ee) were determined. They were expressed in percent as:
where [D] r and [L] r were the amount of D-and Lenantiomers in the receiving phase at a fixed time. The obtained data are reported in Figure 7 and so it appears that the greatest enantio-enrichment is present in the early stages, but the entire system will finally come to an equilibrium with an essentially racemic mixture of solute in aqueous phases. The carrier O-allyl-N-(9-antracenylmethyl) cinchonidinium presented higher ee value (38%) than the other two selectors.
Influence of carrier nature
Transport rates of phenylalanine and phenylglycine in the presence of each carrier were evaluated as the initial slopes of nmol vs. time plots. To avoid the influence of external parameters (T, stirring, etc), all the experiments were carried out in parallel. In Table 2 , the obtained data are reported together with the relative α values.
A scrutiny of Table 2 reveals that the transport rates are always greater for phenylalanine than for phenylglycine, while enantioselectivity values show an opposite behaviour. These results show that the methylene group between the aromatic ring and the asymmetric carbon present in phenylalanine, hindered the stereochemical interactions needed for chiral recognition, even if the dominating ion pairing interaction is permitted. at C9 of the quinine moiety; (ii) π-π interaction between the two aromatic systems of amino acid and quinoline ring; (iii) ion pair interaction between the positively charged quinuclidine nitrogen and the negatively charged carboxylic group of the amino acid. In addition, the presence of an electronwithdrawing substituent, like p-CF 3, on N-benzyl group (selector 6) enhances the ion pairing interactions and consequently the carrier is more selective with respect to the non substituted compound (Figure 8 ). Therefore, following this hypothesis, the L-phenylglycine interacts with chiral carriers containing an asymmetric carbon 9S in a stronger manner than the D-enantiomer, so the former is firstly transported in the receiving phase.
An anomalous behaviour is obtained for the carriers containing the 9-anthracenyl group. In these cases, two facts may be evidenced: (i) the transport rate order is opposite respect to the cinchonidine one, even though they present the same C8/C9 stereochemistry and (ii) the enantioselectivity of selector 5 is higher, even though it has a derivatized hydroxyl group at C9. Both findings imply that the presence of the 9-anthracenyl group, whose spatial position is fixed for steric reasons, causes a modified chiral recognition pattern. In these cases, the further presence of an allyl substituent Moreover, the lesser polarity of phenylalanine respect to phenylglycine, increases its affinity towards the membrane phase, reducing thus the enantioselectivity at the (SP)/ (MP) interface.
A certain influence of the carrier structure on transport rates and enantioselectivity is also highlighted. The obtained data strongly suggest that in the transport processes, ionic interaction is the driving force for prime molecular association, but the hydrogen bound also plays an important role in the carrier/analyte complex formation. These findings explain the lowest transport rate for hydroquinidine-3,4-methyl-2-quinolyl ether (selector 3), which has neither a quaternary ammonium ion nor the hydroxylic group available, and the enhanced transport rates for the selectors 4, 6 and 7, which present free -OH at C-9 in the quinine moiety. The involvement of hydrogen bond also in the stereodiscrimination process is evidenced by the opposite transport order of D-and L-phenylglycine observed in the presence of cinchonidinium bromide salt (selector 6) and of cinchonidine and quinine (selectors 1, 2). This is indeed in agreement with the different C8/C9 stereochemistry of the carriers. A further proof is obtained by the behaviour of selector 3, which differs from quinine and cinchonidine for the presence of an ethyl group and is devoid of hydrogen-donating properties at the chiral centre C9, so it does not give any enantiomeric enrichment. Furthermore, as previously reported, the loss of the hydroxylic group in the chiral selector also gives rise to a significant decrease in the amino acids transport rates. On the basis of all the above discussed experimental observations, a reasonable chiral discrimination mechanism may be tentatively proposed, to account for the different interactions between the chiral carriers and the two antipodes of the phenylglycine. Such a mechanism takes into account the following interactions: (i) hydrogen bond between the amino group of the amino acid and the −OH on the secondary hydroxyl group, may contribute to the stereoselective interactions, enhancing steric hindrance, in agreement to the data reported by Corey.
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Conclusions
Cinchona alkaloids, which have been already used to prepare chiral stationary phases for chromatographic resolution of racemates, were employed as carriers in bulk liquid membrane systems. Conditions for improving the release efficiency of the enantiomers into the receiving phase were examined and some of the parameters influencing the transport rate and the enantioselectivity of the process were identified.
Regarding the amino acid transport, an important factor appears to be its lipophilicity, i.e. its availability at the interface between the source and membrane phases.
Regarding the enantioselectivity, the presence of a methylene group in phenylalanine causes a loss of stereoselective contacts between the molecular surfaces of selector and enantiomer. As a consequence, the enantiodiscriminatory power of phenylalanine is lower than the phenylglicine one.
Regarding the carriers, O-allyl-N-(9-anthracenylmethyl) cinchonidinium bromide presents the highest enantioselectivity, due to its enhanced capacity to discriminate the enantiomers by steric hindrance. The enantiomeric excess of 38% obtained by BLM (after one single stage of contact) with this carrier could be considered a rather good result, but to achieve an effective separation of the two enantiomers a multistep contact process could be performed by recirculating the source and the organic phases through hollow fibers modules.
